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THE IMPORTANCE OF COMPUTERS I N  AEROSPACE TECHNOLOGY 

Wal t e r  B. 01 stad 
NASA OAST 

(Act ing) Associate Admini s t r a t o r  

This symposium marks an important event i n  the development o f  the 
Integrated Programs f o r  Aerospace-Vehicle Design ( IPAD)  ; namely, the impend- 
i n g  release o f  a major I P A D  software package f o r  evaluat ion by p o t e n t i a l  
users. I t  i s  a l so  s i g n i f i c a n t  t h a t  t h i s  symposium l i n k s  I P A D  w i t h  the issue 
o f  increased p roduc t i v i t y ,  because p r o d u c t i v i t y  has recen t l y  become a t o p i c  
of great nat ional  concern. I n  h i s  presentation, Norman Augustine s p e c i f i c a l l y  
and very e f f e c t i v e l y  addresses t h i s  topic.  This paper w i l l  attempt t o  show how 
computer technology has already and, i n  the near l future,  w i l l  t o  a much greater 
extent  expand man's c a p a b i l i t i e s  by r e l i e v i n g  him o f  much tedious and r e p e t i -  
t i v e  work, by pe rm i t t i ng  him t o  qu i ck l y  and accurately analyze a v a r i e t y  of 
s i t u a t i o n s  o r  opt ions i n  order t o  make c r i t i c a l  decisions, by fu rn i sh ing  a 
f a c i l i t y  f o r  the storage and r a p i d  r e t r i e v a l  o f  valuable informat ion,  and by 
prov id ing the c r i t i c a l  means f o r  extending man's thoughts, v is ion,  and physical 
a c t i v i t y  i n t o  often otherwise inaccessible o r  h o s t i l e  environments. 

Today i n  the  aerospace industry,  and indeed i n  many others, t h e  computer 
plays a very s i g n i f i c a n t  and, n o t  f u l l y  appreciated, pervasive r o l e  i n  a l l  
phases o f  technology from t h e  most fundamental research, through design and 
manufacturing, t o  marketing, operations, and maintenance. 
and science have been revo lu t i on i zed  by the  computer. Outstanding e a r l y  
examples were the f i e l d s  o f  b a l l i s t i c s  and nuclear weapons research. 
t h i s  l i s t  have been the f i e l d s  o f  s t r u c t u r a l  analysis, acoustics, quantum physics, 
molecular propert ies,  chemical k ine t i cs ,  f l u i d  mechanics, heat t ransfer ,  as t ro -  
physics, c l imatology, meteorology, so l  i d  s t a t e  physics, e l e c t r o n i c  c i r c u i t  
theory, and many more; i n  fact ,  i n  a l l  f i e l d s  which have a sound theo re t i ca l  
basis. Furthermore, the accumulation and analys is  o f  s t a t i s t i c s  promise t o  
lead t o  a more sound theo re t i ca l  basis i n  many o f  those f i e l d s  where such a 
basis has been lacking. 
as a s c i e n t i s t  and engineer many times over. 
a c t i v i t i e s  which would be impossible wi thout  it. The explorat ion o f  our  p lanetary  
neighbors i s  j u s t  one example. 

The computer can g r e a t l y  enhance the ef fect iveness and p r o d u c t i v i t y  of 
the designer. While t h i s  i s  an obvious statement t o  make t o  t h i s  audience, i t  
i s  nonetheless l i k e l y  t h a t  few, i f  any, r e a l i z e  the extent  t o  which t h a t  enhance- 
ment w i l l  be rea l ized.  I t  i s  a f a i l i n g  of our  species t h a t  we a r e  i n c l i n e d  t o  
be o v e r l y  o p t i m i s t i c  about achievements i n  t h e  near term, b u t  woefu l ly  pess imis t ic  
about 1 onger term accompl i shments . 

F ie lds  o f  technology 

Added t o  

Clear ly,  the computer has expanded man's c a p a b i l i t i e s  
He now contemplates and undertakes 

I n  fact ,  t h e  use o f  the computer as a design a i d  i s  wel'l established. 
Sophist icated computational a lgor i thms have been developed i n  the  var ious 
technical  d i s c i p l i n e s  t h a t  suppo.rt t he  design process, enabling t h a t  process t o  
synthesize the components and subsystems o f  the design products , and p r e d i c t  
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t h e i r  performance cha rac te r i s t i cs  f a r  i n  advance o f  t h e i r  physical implementation 
Recent advances i n  computer graphics have transformed the working environment 
o f  the designer from t h e  d r a f t i n g  t a b l e  t o  the CRT terminal .  Notwithstanding 
these s i g n i f i c a n t  developments, t he re  p e r s i s t s  a t rend  toward increasing 
design work load per u n i t  weight, as depicted i n  f i g u r e  1. The cost  trends, 
a lso shown i n  the  f igure,  i n d i c a t e  increasing l abo r  costs w i t h  time, i n  
contrast  t o  the  decreasing computer cos t  trend. Clearly, then, use of the 
computer t o  increase the p r o d u c t i v i t y  o f  t he  design team should be extremely 
cos t -e f fec t i ve  and should eventual ly l ead  t o  a reversal  o f  the design team 
man-hours trend. 
computer are i n  r o l e s  i n  which each i s  t he  most productive. 

information hand1 ing, besides graphics and technical  analysis, as an area 
where the computer had an e f f e c t i v e  ro le .  As depicted i n  f i g u r e  2, aerospace 
product design involves a considerable amount o f  data communication among the  
designers, t h e  support ing technical  d i sc ip l i nes ,  and design management. While 
the generation and i n t e r p r e t a t i o n  o f  t h e  data requ i re  the unique s k i l l s  of 
the team members, t h e  handl ing of t he  data storage, r e t r i e v a l  , updating, and 
t ransfer  among users i s  r o u t i n e  and w e l l  s u i t e d  t o  automation. 

This  w i l l  occur provided, o f  course, t h a t  man and the 

A ca re fu l  s c r u t i n y  o f  the design process i n  the e a r l y  seventies i d e n t i f i e d  

Figure 3 i s  a more s p e c i f i c  i l l u s t r a t i o n  o f  t he  f l o w  o f  in format ion 
among the various analys is  and con f igu ra t i on  d e f i n i t i o n  funct ions involved i n  
an a i r f o i l  design system, developed a t  t he  P r a t t  and Whitney A i r c r a f t  Group. 
Through the  use o f  a cen t ra l  a i r f o i l  data l i b r a r y  f o r  i n t e g r a t i n g  t h e  var ious 
functions, s i g n i f i c a n t  reductions have been r e a l i z e d  i n  both the man-hour and 
l e a d  t ime requirements. Use o f  a cen t ra l  data l i b r a r y  a lso promotes more 
e f f e c t i v e  con t ro l  o f  in format ion updating and versioning and assures t h a t  a l l  
members of t h e  design team a re  working w i t h  cu r ren t  and re levan t  data. This  
would tend t o  minimize, i f  n o t  el iminate,  one major source o f  design errors ,  
which o f t e n  show up very l a t e  i n  the  product development c y c l e  and must be 
covered w i t h  c o s t l y  engineering change orders. Thus t h e  use of computer 
technology i n  the design process, commonly known as computer-aided design o r  
CAD, has a d i r e c t  impact on manufacturing costs through the reduct ion of 
designer workload and reductions i n  out-of-sequence design changes, in format ion 
preparation, and manufacturing rework. 

The r o l e  o f  the computer i n  the  manufacturing o f  aerospace products 
i s  a lso very important and wel l  established, although s t i l l  i n  i t s  infancy. 
Complex m i l l i n g ,  cu t t i ng ,  forming, and d r i l l i n g  machines operat ing under d i r e c t  
cont ro l  o f  computers today a re  becoming more comnon i n  the  machine shops and on 
the assembly f l o o r s  o f  many aerospace companies. 
computer-aided manufacturing (CAM) w i l l  continue t o  grow i n  the l e v e l  o f  automa-' 
t i o n  and v e r s a t i l i t y  o f  the machines and t h e i r  c o n t r o l l e r s .  Since the data used 
by the computers t o  con t ro l  the manufacturing equipment are der ived from those . 
generated i n  design, t he  issue of data f l o w  can be seen t o  be important not  on l y  
i n  the  design phase, bu t  a l so  i n  the  i n t e r f a c e  between design and manufacturing. 
Indeed, we may look t o  t h e  fu ture f o r  in tegrated CAD/CAM systems, such as t h a t  
shown i n  f i g u r e  4, i n  which t h e  key design and manufacturing a c t i v i t i e s  are 
in tegrated v i a  a shared data base. 

I nd i ca t i ons  a re  c l e a r  t h a t  

2 



... , . . , .  . . . _  

While the po ten t i a l  bene f i t s  of CAD/CAM are imnense, t h e  technological  
r i s k s  and i n i t i a l  costs invo lved i n  developing major c a p a b i l i t i e s  a re  a l so  
q u i t e  high. 
s i g n i f i c a n t  progress i s  t o  be achieved. 
c a p a b i l i t i e s  on an incremental basis s ince the s i x t i e s ,  using ava i l ab le  and 
proven technology. 
advances i n  CAD technology t h a t  would be needed i n  the e i g h t  

Consequently, d i r e c t  government involvement i s  des i rab le  i f  
Indust ry  has been b u i l d i n g  i t s  

I n  1976, NASA undertook the development o f  I P A D  t o  provide 

same time, t h e  A i r  F o r c e - i n i t i a t e d  the In tegrated Computer-A 
( ICAM) e f f o r t  t o  provide a nat ional  focus i n  CAM technology. 
one perspect ive o f  an ICAM factory.  

es.. A t  about the 
ded Manufacturing 

Figure 5 gives 

The IPAD p r o j e c t  i s  depicted g raph ica l l y  i n  f i g u r e  6.  With the  
d i r e c t  involvement o f  a l a r g e  segment o f  the aerospace indust ry ,  t he  Indus t r y  
Technical Advisory Board (ITAB), t he  p r o j e c t  has def ined the major elements of 
an ideal  system, has selected a subset f o r  implementation as a l i m i t e d  c a p a b i l i t y  
bu t  representat ive prototype, and i s  about t o  release t h i s  f i r s t  major software 
package l a t e r  t h i s  year. 
products have been produced, which w i l l  be discussed i n  t h e  course of t h i s  
symposium, 
d r a f t i n g  software i n  i t s  programs. 
i nvo l v ing  the  conceptual design and analysis o f  a l a r g e  area t russ  p la t fo rm 
con f igu ra t i on  f o r  space appl icat ions.  

Both NASA and t h e  A i r  Force recognized the need f o r  IPAD and ICAM t o  
have compatible i n te r faces  and have taken steps t o  ensure t h i s  through f a c i l i t i e s  
f o r  i n t e r a c t i o n  among t h e  various p a r t i e s  involved. 
in teract ions.  
involved i n  both programs. 
government/industry undertakings, and as we approach the release o f  major I P A D  
software, i t  i s  con f iden t l y  expected t h a t  the cooperation between NASA and 
indus t r y  which has c a r r i e d  the program t o  t h i s  p o i n t  w i l l  cont inue so t h a t  
together we can achieve the  goals t h a t  we have set. 

Along the way t o  t h i s  milestone, a number o f  useful 

Figure 7 i l l u s t r a t e s  one such a p p l i c a t i o n  
It i s  a lso noteworthy t h a t  NASA ha’s already employed the  I P A D  design 

Figure 8 depic ts  these 
It i s  evident f r o m  the cha r t  the extent t o  which i ndus t r y  i s  

I n  fact ,  both programs a re  viewed as being j o i n t  

Before c losing, t he re  i s  one d i s t u r b i n g  t rend t h a t  deserves our a t ten t i on .  
That i s  t h e  r a p i d  growth o f  software costs. 
technology which holds such promise f o r  r e l i e v i n g  man o f  tedious chores and f o r  
m u l t i p l y i n g  h i s  c a p a b i l i t i e s  many times over i s  beginning t o  be dominated by the 
costs of, what i s  now a labor i n tens i ve  a c t i v i t y ,  software development. It i s  
both essent ia l  t h a t  t h i s  problem be vigorously attacked now and obvious t h a t  t h e  
s o l u t i o n  t o  t h e  problem w i l l  be found i n  computer technology i t s e l f .  I n  fac t ,  
i t  i s  c l e a r  t h a t  t he  very elements t h a t  can lead t o  successful computer-aided 
design programs can be used i n  the development of computer-aided software 
design programs. 

I t i s  paradoxical t h a t  a f i e l d  o f  

3 
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Figure 1.- Potential impact o f  computer-aided design (CAD) on design cost 
(1 man-hour per l b  = 2.22 man-hours per kg). 
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Figure 2.- Data communication aspects in aerospace design. 
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